INTRODUCTION
============

Inflammatory bowel disease (IBD), including CD and UC is a chronic autoimmune disease that has a North American prevalence of 400--600 per 100,000 persons \[[@b1-ir-2019-00116]\]. The treatment of CD and UC depends on disease severity and the presence of risk factors for progression. Guidelines recommend biologic medications, including TNF antagonists (anti-TNF-α) to be considered in the treatment of moderate to severe CD and UC \[[@b2-ir-2019-00116],[@b3-ir-2019-00116]\]. In patients starting biologic therapy, particularly anti-TNF-α medications, there is an increased risk of tuberculosis reactivation. A potential mechanism is that TNF is required for chemokine expression and formation of granulomas in mycobacterial infection \[[@b4-ir-2019-00116]\]. Screening for latent tuberculosis infection (LTBI) is mandatory prior to initiating anti-TNF-α treatment, to avoid tuberculosis reactivation.

Screening for LTBI can be done using the traditional tuberpculin skin test (TST) or newer interferon-gamma release assays (IGRA) \[[@b2-ir-2019-00116]\]. New guidelines recommend the use of IGRA rather than TST in the general population \[[@b5-ir-2019-00116]\]. The TST is limited by many confounders, most importantly by prior exposure to tuberculosis or vaccination. Another limiting factor is the need of a follow up visit to interpret subdermal induration. IGRA are blood tests where T cell release of interferon-gamma is quantified *in vitro* following antigen stimulation that are specific to *Mycobacterium tuberculosis* \[[@b6-ir-2019-00116]\]. The effect of immunosuppression on both tests remains an area of research interest with limited data on their performance in IBD patients. Shahidi et al \[[@b7-ir-2019-00116]\]. published a meta-analysis and systematic review in 2012 of 9 studies on the concordance of these tests in IBD patients and the effect of immunosuppression on their performance. However, trials have emerged since then with no guidance on optimal tuberculosis screening method in a commonly immunosuppressed IBD population. In this study, we aim to re-examine the evidence to assess the concordance and effects of immunosuppressive therapy (IST) on TST and IGRA in IBD patients prior to anti-TNF exposure.

METHODS
=======

1. Study Protocol
-----------------

The study protocol was registered using the international prospective register of systematic review (PROSPERO 2016 CRD42016049225) \[[@b8-ir-2019-00116]\]. We followed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) protocol to conduct this meta-analysis \[[@b9-ir-2019-00116]\].

2. Search Strategy
------------------

Systematic searches performed (June 2011 to April 2018) using MEDLINE, Embase and Cochrane Library databases. Search timelines were chosen to examine evidence published after the Shahidi et al. \[[@b7-ir-2019-00116]\] meta-analysis to pool results with the previous analysis using similar search strategies. The search strategy used text words and relevant indexing to identify articles discussing the diagnostic accuracy of IGRAs compared to TST to detect latent tuberculosis in patients with IBD. The search strategy included the following relevant search terms: (1) inflammatory bowel diseases, (2) tuberculin test, (3) interferon-gamma release tests ([Supplementary Table 1](#SD1-ir-2019-00116){ref-type="supplementary-material"}). In addition, recursive searches, cross-referencing and subsequent hand-searches were performed. An attempt to contact corresponding authors was made when relevant data was not extractable from published potentially eligible abstracts or full articles.

3. Trial Selection and Patient Population
-----------------------------------------

We included all adult human studies (abstracts and/or letters and/or full-text articles) published in English that were assessing both types of new IGRA generations (QFT-2G or 3G) and TST in IBD. Studies were excluded if they: (1) were not written in English; (2) only used older generation T-SPOT.TB testing (Oxford Immunotec Ltd., Milton, UK); (3) reported insufficient data on outcomes; (4) lacked appropriate study design; (5) had less than 10 IBD patients; (6) lacked IBD-specific outcomes; (7) were review articles lacking extractable data.

4. Study Outcomes
-----------------

The primary outcome measure was the concordance between TST and IGRA in IBD patients being screened for LTBI prior to anti-TNF exposure. A secondary outcome included effects of IST on both TST and IGRA. Immunosuppression was defined as either exposure to: oral corticosteroids of more than 5 mg daily for at least 4 weeks, thiopurines, methotrexate or cyclosporine. A non-physiologic dose of steroids higher than 5 mg for more than 4 weeks was defined as the inclusion criteria in selected studies while included patients were on higher doses.

5. Data Extraction
------------------

We used Covidence, a Cochrane technology platform to upload citations for screening and to review \[[@b9-ir-2019-00116]\]. Two reviewers (S.A. and P.G.) independently screened abstracts for full text review. After full text review, data were extracted using a standardized extraction form between the 2 reviewers. Cross review of data was done to ensure accuracy of data extracted. Disagreements were resolved by active discussion to reach consensus, if no consensus was reached a third reviewer (W.A.) was consulted. We examined the data to extract the following variables: country of origin, year of publication, study design, total number of IBD participants enrolled, number of IBD participants tested by both TST and IGRA, percent of BCG vaccinated, number of IBD patients on IST, IGRA version, timing of IGRA in relation to TST, purified protein derivative dose, TST cutoff, TST results, IGRA results, number of concordant IGRA and TST results; defined by both tests being positive or negative in each individual. A two by two table cross tabulating TST and IGRA results was generated (IGRA+/TST--, IGRA--/TST+, IGRA+/TST+, IGRA--/TST--). To examine the effects of immunosuppression on both TST and IGRA we generated a second table comparing rates of positive TST or IGRA in IBD patients on immunosuppression, compared to no-immunosuppression (IGRA+/IST+, TST+/IST+, IGRA+/IST--, TST+/IST--). Data extraction was generated and calculated from their respective publications. We reached out to respective authors for any missing data or clarifications needed. We excluded any study where authors failed to correspond regarding any missing data or clarifications needed, to prevent any data assumptions which may affect data integrity.

6. Quality Assessment
---------------------

The quality of the studies was graded by using the new quality assessment tool for diagnostic accuracy studies Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) ([Fig. 1](#f1-ir-2019-00116){ref-type="fig"}) \[[@b10-ir-2019-00116]\]. The QUADAS-2 is a modified version of QUADAS adopted for use by the Cochrane collaboration that is validated and recommended for use in Cochrane reviews. The QUADAS-2 tool contains 4 domains assessing patient selection, index test, reference standard, and flow of patients through the study and timing of the index tests and reference standard. The eligibility and quality of the studies were assessed independently by 2 investigators (S.A. and P.G.), with discrepancies resolved after discussion and reaching a consensus. If no consensus was reached a third reviewer was consulted (W.A).

7. Statistical Methods and Sensitivity Analyses
-----------------------------------------------

All statistical analyses were performed using RevMan (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014) \[[@b10-ir-2019-00116]\]. First, the concordance and 95% CI of IGRA results versus TST results were calculated for each study (concordance was calculated by dividing the sum of patients with IGRA+/TST+ and those with IGRA--/TST-- by the total number of subjects tested). Test results that are reported by authors to be indeterminate and required repetition were not included in the concordant group, which is defined as both tests being positive or negative. The decision to exclude indeterminate results was made to better capture the performance of both tests in real time, rather than affecting the concordance rate by repetition which affects performance by changing the number of true and false positives or negatives. Finally, the pooled concordance with the 95% CI was calculated using the random effects model. We then examined the effect of IST on both TST and IGRA performances by calculating the pooled odds ratio and 95% CI of testing positive if exposed to IST, compared to no exposure to IST. This was achieved by dividing the rate of positive results in IBD patients on IST over those who are not on IST. This analysis was done separately for TST and IGRA to calculate an independent pooled odds ratio for each test to assess individual performance. While pooled concordance rate of TST and IGRA was possible in IBD patients at large, data was insufficient to calculate separate concordance rates in patients on IST compared to those who were not. We used the Mantel-Haenszel method for a pooled random effects model, given anticipated heterogeneity of studies included. Heterogeneity was mainly driven by population size, demographics (i.e., BCG vaccination, tuberculosis prevalence, immunosuppressive medication use) and study design. We also compared the fixed effects model to exclude any effect of smaller studies. Heterogeneity between studies was analyzed using the statistical I \[[@b2-ir-2019-00116]\], Q, and tau-square tests.

RESULTS
=======

1. Literature Search
--------------------

Of the 209 citations identified through the systematic review, 148 were excluded based on titles and abstracts, and 61 publications were fully reviewed ([Fig. 2](#f2-ir-2019-00116){ref-type="fig"}). A total of 45 studies were excluded after excluding studies that were in duplicate (n=13), did not have sufficient data (n=13), had inappropriate study design (n=11), outcomes (n=5) or population (n=3). From the 45 excluded studies, 8 studies were excluded at the end of review due to inability to reach the author for missing data or clarifications. Two authors responded and supplemented all missing data and clarifications needed for inclusion \[[@b11-ir-2019-00116],[@b12-ir-2019-00116]\]. A total of 16 articles were finally included in our final analysis (5 conference abstracts \[[@b13-ir-2019-00116]-[@b17-ir-2019-00116]\], 1 correspondence letter \[[@b18-ir-2019-00116]\], 10 full-text articles \[[@b11-ir-2019-00116],[@b12-ir-2019-00116],[@b19-ir-2019-00116]-[@b26-ir-2019-00116]\]). All eligible studies examined by Shahidi et al. \[[@b7-ir-2019-00116]\] were similarly reviewed prior to inclusion in the final 16 analyzed studies. A total of 2,488 patients were included in the 16 selected studies.

2. Study Quality and Heterogeneity
----------------------------------

We assessed quality of studies by using QUADAS-2, taking TST as the reference test and IGRA as index test. The assessment suggested possible high risk of bias for 3 studies \[[@b11-ir-2019-00116],[@b16-ir-2019-00116],[@b24-ir-2019-00116]\], 2 regarding the index test \[[@b16-ir-2019-00116],[@b24-ir-2019-00116]\] and 1 regarding flow and timing \[[@b11-ir-2019-00116]\] ([Fig. 1](#f1-ir-2019-00116){ref-type="fig"}). Heterogeneity observed mainly in population demographics ([Table 1](#t1-ir-2019-00116){ref-type="table"}) during full text review of included studies made the random effects model the method of choice. We also included the fixed effects model to examine the effects of smaller studies. Meta-analysis recommendations are to choose the effects model prior to data analysis based on observed study heterogeneity during full text review to avoid any publication bias. In our study based on the variability of study designs, population size and demographics the random effects model was the model of choice \[[@b27-ir-2019-00116]\]. However, we also report the fixed effect model to assess effects of smaller studies when low heterogeneity is observed.

3. Concordance between IGRA and TST and Impact of IST
-----------------------------------------------------

The pooled concordance between TST and IGRA was 85% (95% CI, 81%--88%; *P*=0.01) ([Fig. 3](#f3-ir-2019-00116){ref-type="fig"}), with notable heterogeneity (I^2^=76%, *P*\<0.001). The proportion and data for immunosuppressed population was reported and sufficient in 8 studies (n=811) \[[@b17-ir-2019-00116],[@b19-ir-2019-00116]-[@b21-ir-2019-00116],[@b23-ir-2019-00116]-[@b26-ir-2019-00116]\]. The odds ratio of testing positive by IGRA if immunosuppressed was 0.57 (95% CI, 0.31--1.03; *P*=0.06) with possibly no important heterogeneity (I^2^=32%, *P*=0.17) ([Fig. 4](#f4-ir-2019-00116){ref-type="fig"}). However, TST had an odds ratio of 1.14 of testing positive (95% CI, 0.61--2.12; *P*=0.69), with possible moderate heterogeneity (I^2^=42%, *P*=0.10) ([Fig. 5](#f5-ir-2019-00116){ref-type="fig"}). Considering the low heterogeneity for the negative effect of immunosuppression on IGRA we also calculated the results with the fixed effect model ([Supplementary Fig. 1](#SD2-ir-2019-00116){ref-type="supplementary-material"}). Using the fixed effects model, the OR of testing positive if immunosuppressed was 0.57 (95% CI, 0.37--0.89) and reached statistical significance (*P*=0.01).

DISCUSSION
==========

Many studies reported variable performances of TST or IGRA in patient populations who are either at low risk of tuberculosis demographically or due to prior exposure to TNF therapies. These studies do not report significant data on concordance in TNF naïve patients only \[[@b28-ir-2019-00116]-[@b30-ir-2019-00116]\]. Older meta-analysis by Shahidi et al. \[[@b7-ir-2019-00116]\] also included patients with prior TNF exposure. This is the first meta-analysis to date that investigates the concordance of both TST and IGRA and the effect of IST on test performances, in patients naïve to anti-TNF therapy. Excluding patients on anti-TNF therapy better addresses the clinical indication to screen for tuberculosis prior to initiating anti-TNF therapy in IBD patients. Including these studies could potentially bias the results by decreasing the sensitivity of both tests due to negative tuberculosis screening prior to anti-TNF initiation. In addition, this meta-analysis (16 studies encompassing 2,488 patients) adds further data to the 2010 meta-analysis published in 2012 by Shahidi (9 studies encompassing 1,309 patients). Studies included differ by excluding studies using older T-SPOT.TB form of IGRA, and including only patient naïve to anti-TNF therapy, reflecting real time practice and decreasing between test variability.

Our analysis results echo the 85% pooled concordance between TST and IGRA in 2,488 IBD patients, as observed in Shahidi et al. \[[@b7-ir-2019-00116]\]. After excluding patients on anti-TNF therapy, our pooled analysis did not significantly show that TST and IGRA performances were negatively affected by IST using the random effects model. The random effects model was best chosen for significant heterogeneity. However, the negative effect of IST on IGRA did reach statistical significance when examining the fixed effects model (*P*\<0.01). The fixed model minimizes the effect of smaller studies given heterogeneity between studies is low, giving more weight to larger studies. Despite current guidelines to use IGRA as first line screening in the general population, our analysis suggests that IGRA may be negatively affected in IBD patients on IST \[[@b5-ir-2019-00116]\]. This reflects the most common clinical dilemma, as most IBD patients are screened for tuberculosis after prolonged use of IST (corticosteroids, methotrexate or thiopurines) to initiate biologic therapy. Currently, no guidelines exist to suggest the optimal test in IBD patients who are commonly immunosuppressed. While our analysis suggests that IGRA can be negatively affected by immunosuppression, TST positive result lacks statistical significance making its clinical utility in the setting of immunosuppression unclear. TST can be also be affected by many variables. TST can be laborious requiring 2 clinical visits to interpret results making it suboptimal and prone to noncompliance. Clinical judgement and understanding of the patient's demographics, risk factors, vaccination status and local guidelines are crucial to correctly interpret TST results. Because of the many variables affecting TST performance we were unable to retrieve enough data to analyze the studies included based on prior exposure and risk factors. Evidence exists to support the cost effectiveness of a dual strategy screening method for tuberculosis and is most prominent in areas with low tuberculosis prevelance \[[@b31-ir-2019-00116]\].

There are several limitations to our study. The different rates of BCG vaccination across studies affecting interpretation cutoffs in different countries is a limitation. Data was insufficient to analyze the result of each TST based on BCG vaccination, given vaccination rates were reported as overall percentages, rather than the vaccination status of each result reported. To address this limitation, we reported vaccination rates and cutoffs used when available ([Table 1](#t1-ir-2019-00116){ref-type="table"}). We used each authors interpretation of a positive test based on local guidelines and when possible, a 5 mm cutoff was included in the analysis. This was done to minimize heterogeneity when assessing concordance, as most included studies used a 5 mm cutoff. While this may affect concordance rate, it does not affect our conclusion that IGRA can be negatively affected by immunosuppression. The inclusion of abstracts and in 1 case a letter to the editor is another potential limitation. However, leaving out data from Preda et al. \[[@b18-ir-2019-00116]\] letter did not change results and overall concordance (0.847; 95% CI, 0.81--0.88) was similar, mainly due to small size of this cohort of patients. The inclusion of abstracts that have not been fully published could not be avoided, as there is a lack of sufficient data to generate a meta-analysis using only published randomized controlled trials. The inclusion of letters and abstracts in a meta-analysis, helps minimize the common issue of publication bias \[[@b32-ir-2019-00116]\]. The lack of RCT published data is mainly due to the relatively rare occurrence of tuberculosis reactivation and the lack of availability of IGRA in high prevalence areas, where cost issues may arise. To better guide physicians, a prospective randomized clinical trial is needed to randomize IBD patients to 3 arms using TST, IGRA, TST and IGRA prior to anti-TNF therapy initiation. Such a study could help examine the rates of tuberculosis reactivation and assess the cost effectiveness of combining both tests as opposed to a single test. Until such evidence is available, our analysis suggests that relying on IGRA alone in IBD patients on IST may lead to tuberculosis reactivation. In fact, one recent study indicated that while IGRA was negatively affected by IST, patients that tested positive for IGRA and negative for TST, underwent treatment for LTBI \[[@b20-ir-2019-00116]\]. These results highlight the need for perhaps a dual testing strategy in IBD patients that are immunosuppressed.
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Supplementary Table 1. Search Strings

###### 

Supplementary Fig. 1. OR positive interferon-gamma release assays in immunosuppressed patients (IST+) compared to non-immunosuppressed (IST--) with fixed model. IST, immunosuppressive therapy; M-H, Mantel-Haenszel method.

![Assessment of risk of bias of studies: QUADAS-2 tool. QUADAS-2, Quality Assessment of Diagnostic Accuracy Studies-2.](ir-2019-00116f1){#f1-ir-2019-00116}

![Diagram of selection process for studies identified by search protocol.](ir-2019-00116f2){#f2-ir-2019-00116}

![Concordance between interferon-gamma release assay and tuberculin skin test. Ev, event; Trt, treatment.](ir-2019-00116f3){#f3-ir-2019-00116}

![OR of positive interferon-gamma release assay in immunosuppressed patients (IST+) compared to non-immunosuppressed (IST--). IST, immunosuppressive therapy; M-H, Mantel-Haenszel method.](ir-2019-00116f4){#f4-ir-2019-00116}

![OR of positive tuberculin skin test in immunosuppressed patients (IST+) compared to non-immunosuppressed (IST--). IST, immunosuppressive therapy; M-H, Mantel-Haenszel method.](ir-2019-00116f5){#f5-ir-2019-00116}

###### 

Characteristics of Included Studies

  Study                                                                                      Year   Country    2017 WHO estimated TB incidence (thousand)   Study design                           No.     Age (yr)       BCG vaccinated (%)   PPD cutoff (mm)
  ------------------------------------------------------------------------------------------ ------ ---------- -------------------------------------------- -------------------------------------- ------- -------------- -------------------- --------------------------------------------------------
  Abreu et al. \[[@b19-ir-2019-00116]\]                                                      2016   Portugal   1.8                                          Prospective observational cohort       186     NR             100                  5
  Al-Taweel et al. \[[@b20-ir-2019-00116]\]                                                  2018   Canada     1.8                                          Prospective observational cohort       146     Mean 39.6      16.4                 5 If on IST, 10 if high risk population, 15 if no risk
  Andrisani et al. \[[@b21-ir-2019-00116]\]                                                  2013   Italy      3.8                                          Prospective observational cohort       92      Range 36--43   1.0                  5 If on IST,10 others
  Atanassova \[[@b13-ir-2019-00116]\]^[a](#tfn1-ir-2019-00116){ref-type="table-fn"}^         2013   Bulgaria   1.5                                          Prospective observational cohort       34      Mean 39        100                  NR
  Bélard et al. \[[@b22-ir-2019-00116]\]                                                     2011   Denmark    0.26                                         Prospective observational cohort       89      Range 18--84   33.7                 5 (BCG--), 10 (BCG+)
  Çekiç et al. \[[@b23-ir-2019-00116]\]                                                      2015   Turkey     12                                           Retrospective observational cohort     76      Mean 42        NR                   5
  Fernandez et al. \[[@b14-ir-2019-00116]\]^[a](#tfn1-ir-2019-00116){ref-type="table-fn"}^   2013   Spain      4.2                                          Prospective observational cohort       87      Mean 40        23.0                 NR
  Kurti et al. \[[@b12-ir-2019-00116]\]                                                      2015   Hungary    0.65                                         Prospective observational cohort       65      Mean 24        100                  5
  Latorre et al. \[[@b15-ir-2019-00116]\]^[a](#tfn1-ir-2019-00116){ref-type="table-fn"}^     2011   Spain      4.2                                          Prospective observational cohort       13      NR             NR                   NR
  Mantzaris et al. \[[@b24-ir-2019-00116]\]                                                  2015   Greece     0.41                                         Prospective observational cohort       75      Mean 37        34.7                 5 If IST, 10 others
  Marano et al. \[[@b16-ir-2019-00116]\]^[a](#tfn1-ir-2019-00116){ref-type="table-fn"}^      2015   USA        9.1                                          Prospective randomized control trial   1,283   Mean 40        39.0                 5
  Ministro et al. \[[@b17-ir-2019-00116]\]^[a](#tfn1-ir-2019-00116){ref-type="table-fn"}^    2011   Portugal   1.8                                          Prospective observational cohort       24      NR             100                  5
  Papay et al. \[[@b25-ir-2019-00116]\]^[a](#tfn1-ir-2019-00116){ref-type="table-fn"}^       2011   Austria    0.57                                         Prospective observational cohort       208     Mean 37        100                  5 If IST, 10 others
  Preda et al. \[[@b18-ir-2019-00116]\]^[b](#tfn2-ir-2019-00116){ref-type="table-fn"}^       2016   Romania    13                                           Retrospective observational cohort     16      Mean 38        NR                   5
  Ramos et al. \[[@b26-ir-2019-00116]\]                                                      2013   Spain      4.2                                          Prospective observational cohort       25      Median 32      8.0                  5
  Wong et al. \[[@b11-ir-2019-00116]\]                                                       2014   China      790                                          Prospective observational cohort       69      NR             73.0                 5
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WHO, World Health Organization; TB, tuberculosis; PPD, protein derivative dose; NR, not recorded; IST, immunosuppressive therapy.

[^1]: The abstract of this article was presented as a poster presentation at the 2018 Canadian Digestive Disease Week conference on February 9--12, 2018, in Toronto, Canada.
